Abstract Multivitamin use is common in the United States. It is not known whether multivitamins with minerals supplements (MVM) used by women already diagnosed with invasive breast cancer would affect their breast cancer mortality risk. To determine prospectively the effects of MVM use on breast cancer mortality in postmenopausal women diagnosed with invasive breast cancer, a prospective cohort study was conducted of 7,728 women aged 50-79 at enrollment in the women's health initiative (WHI) in 40 clinical sites across the United States diagnosed with incident invasive breast cancer during WHI and followed for a mean of 7.1 years after breast cancer diagnosis. Use of MVM supplements was assessed at WHI baseline visit and at visit closest to breast cancer diagnosis, obtained from vitamin pill bottles brought to clinic visit. Outcome was breast cancer mortality. Hazard ratios and 95 % confidence intervals (CIs) for breast cancer mortality comparing MVM users to non-users were estimated using Cox proportional hazard regression models. Analyses using propensity to take MVM were done to adjust for potential differences in characteristics of MVM users versus nonusers. At baseline, 37.8 % of women reported MVM use. After mean post-diagnosis follow-up of 7.1 ± 4.1 (SD) years, there were 518 (6.7 %) deaths from breast cancer. In adjusted analyses, breast cancer mortality was 30 % lower in MVM users as compared to non-users (HR = 0.70; 
Introduction
Multivitamin use is common in the United States [1] in adults and in women with breast cancer [2] , yet findings regarding multivitamins with minerals (MVM) influence on breast cancer incidence and outcome are mixed. With respect to breast cancer incidence, the women's health initiative (WHI) investigated multivitamin use in 161,608 women and reported no effect on incident breast cancer or on other common cancer, cardiovascular disease, or total mortality [3] . Park et al. [4] found no association between multivitamin use and breast cancer incidence or overall mortality in the Multiethnic Cohort. In addition, no association between multivitamin use and breast cancer incidence was seen in a recent meta-analysis of observational studies which included over 350,000 women [5] . A recent report from the Iowa Women's Health Study of 38,772 older women found that several commonly used vitamin and mineral supplements were associated with increased total mortality risk [6] .
The use of multivitamins, especially regarding those with anti-oxidant activity, in women with diagnosed breast cancer has been controversial. A prospective cohort study of 4,877 women with invasive breast cancer in Shanghai, China found lower mortality and recurrence risk with vitamin supplement use regardless of concurrent or nonconcurrent chemotherapy, but only among those who did not receive radiotherapy [7] . In contrast, in the life after cancer epidemiology study, multivitamin use was associated with a non-significant lower recurrence and mortality, but limited to women who had been treated with radiation only [8] . Observational analyses investigating the relationship between dietary supplement use, primarily vitamins, and breast cancer recurrence and/or survival have generally provided mixed results [8] [9] [10] [11] . In a comparative study involving 90 women with non-metastatic breast cancer, women who were prescribed a mega dose vitamin and mineral regimen as compared to matched controls had somewhat higher, though not statistically significant breast cancer mortality [12] . Another study reported multivitamin use in patients with early-stage breast cancer may be associated with lower mortality [8] . Multivitamins contain antioxidants, including carotenoids. In the life after cancer epidemiology study of 2,264 breast cancer survivors, vitamin C and E supplementation was associated with a 27 % lower risk for recurrent breast cancer and carotenoid supplementation was associated with increased risk of death from breast cancer [11] . Given the mixed results, and the generally small number of breast cancer cases in these studies, whether the use of multivitamins affects survival in women diagnosed with breast cancer has not been established.
The WHI has the largest cohort of breast cancer cases among postmenopausal women and includes 8,166 incident invasive breast cancer cases of which 1,358 died during follow-up. Thus it provides an excellent opportunity to examine the associations of multivitamin use and breast cancer mortality in women diagnosed with incident breast cancer during participation in WHI.
Methods

Population and enrollment
The WHI enrolled 161,608 postmenopausal women aged 50-79 years in 40 clinical centers throughout the US during the years 1993-1998. The design and baseline characteristics of participants are described in detail elsewhere [13] . All participants signed an informed consent and Institutional Review Boards at all participating institutions approved the protocols and procedures.
Women could be enrolled into overlapping clinical trials (WHI-CT; N = 67,932) or a long-term follow-up observational study (WHI-OS; N = 93,676). There were two clinical trials evaluating postmenopausal hormones with cancer and coronary heart disease as primary endpoints: estrogen plus progestin versus placebo (N = 16,608) for women with an intact uterus and estrogen versus placebo (N = 10,739) for women who had a hysterectomy. A dietary modification trial (DM) was also performed to evaluate a low total fat diet on breast and colorectal cancer incidence (N = 48,836). Women who were either in the hormone or diet trials could also join a calcium/vitamin D supplementation trial (N = 36,282) whose primary interest was colorectal cancer and osteoporotic fractures. Excluded from the WHI were participants who had medical conditions predictive of survival of less than 3 years, had conditions (like alcoholism or dementia) making it unlikely they could participate. In addition for the clinical trials, they were excluded if they had breast cancer prior to enrollment or any cancer except non-melanoma skin cancer in the past 10 years. Follow-up in WHI was high (95 % overall); 5.2 % of women stopped follow-up or were otherwise lost to follow-up (5.8 % in CT and 4.8 % in OS).
The study population includes the 8,163 women in the OS and CT with invasive breast cancer diagnosed through September 2012. Excluded were 110 women with multiple breast cancer occurrences, 5 women with breast cancer diagnosed on their date of death, and 320 who took multivitamins without minerals, resulting in 7,728 for the primary analyses, of whom N = 3,266 were clinical trial participants and N = 4,462 were Observational Study participants.
Breast cancer screening and diagnosis
Mammogram and breast cancer screening frequency were protocol defined in the clinical trials and were performed at baseline and annually in the hormone trials and at baseline and at two-year intervals in the DM trial. Mammography and breast exam frequency were not protocol defined in the observational study but information on their usage was collected at baseline and annually. The details of identification and adjudication of incident breast cancer cases have been published previously [14] . In brief, medical records were obtained for self-reported breast cancers identified on annual (WHI-OS) or semi-annual (WHI-CT) questionnaires or by report of third parties to WHI staff. Medical records were reviewed and locally adjudicated by trained physicians. Final central adjudication and coding of histology, stage, and hormone receptor status (by local laboratory determination) were performed at the clinical coordinating center by adjudicators blind to study arm.
Multivitamin exposure
Participants completed multiple questionnaires about their physical and mental health and co-morbid conditions and had a baseline clinic visit with physical measurements, and a fasting blood draw. Participants brought in their medications and dietary supplements in original pill bottles to their baseline visit and annual visits (WHI-CT) or 3-year followup visit (WHI-OS). Information on multivitamin use, with or without minerals, was collected in a standardized manner for vitamins used at least once a week in the last 2 weeks. We do not have information on frequency of use, however, multivitamins with minerals usually have 20-30 vitamins and minerals, often at levels of 100 % US RDA or less and are usually recommended on the bottle to be taken daily.
Outcomes ascertainment
The primary outcome was breast cancer mortality among women previously diagnosed with incident invasive breast cancer. There were no deaths during follow-up among the 1,839 women who had in situ breast cancer only, and these are not included in any analyses in this report. Cause of death was ascertained by review of death certificates, medical records or autopsy reports at the Clinical Coordinating Center. The National Death Index was searched periodically to identify deaths of participants lost to followup. Ascertainment and adjudication methods are described in detail elsewhere [14] .
Psychosocial covariates
Depression was assessed with the Burnam algorithm [15] which is a regression equation giving different weights to six items from the CES-D scale [16] and two items from the Diagnostic Interview Schedule [17] . Social functioning, social support, and emotional well-being are subscales from the SF-36 developed for the Medical Outcomes Study, with higher values indicated better function or well being [18] .
Statistical methods
In the analytic cohort of 7,728, baseline characteristics of those using MVM were compared to non-users by Pearson Chi square (or Fishers exact Chi square) or t test (MannWhitney U test) as appropriate. Similarly, baseline characteristics were compared by mortality status (alive vs. breast cancer death). Cox proportional hazards models were used to estimate hazard ratios (HRs) and 95 % confidence intervals (CIs) of death from breast cancer, for users of MVM as compared to non-users. All Cox models were stratified on study arms (HRT, DM and OS) allowing the baseline hazard function to vary by study arm.
Primary analyses considered MVM use reported at baseline. Median time between baseline and breast cancer diagnosis was 5.92 years [mean (SD) = 6.46 (4.06)]. Secondary analyses took into account MVM use at the visit closest to breast cancer diagnosis; 82.4 % of women had their closest MVM use recorded at a visit prior to their breast cancer diagnosis (median = 2.92 years prior to diagnosis) and 17.6 % had their closest visit after diagnosis (median = 0.75 years after diagnosis). Of women taking MVM at baseline 76.7 % also took MVM at the visit closest to breast cancer diagnosis, indicating fairly stable use of MVM; We additionally looked at these consistent users (N = 2,239), i.e., those using MVM both at baseline and at closest to diagnosis visit (excluding those who took MVM at baseline but not at closest visit to diagnosis or vice versa). The comparison group for these consistent users was the consistent non-users of MVM at both baseline and closest visit (N = 3,358).
Cox regression analyses were conducted with serial adjustment for potential confounders: Model 1 reports HRs adjusted for age at breast cancer diagnosis and race/ethnicity; Model 2 additionally adjusts for three key variables related to the outcome including stage of breast cancer, tumor estrogen receptor, and progestin receptor status; Model 3 further adjusts for variables significantly related to both MVM use and breast cancer mortality which included education, smoking status, BMI, alcohol use, physical activity, self-reported health, and diabetes. Follow-up time after breast cancer diagnosis was determined as the later of time to death or if no death occurred, time to end of followup as of September 2012. Mean follow-up time after breast cancer diagnosis was 7.1 years, SD = 4.13; median time was 6.7 years.
As an additional means of controlling for potential confounding which may be due to the different overall characteristics of users versus non-users, we calculated propensity to use MVM by running a logistic regression with MVM use as the dependent variable and 33 covariates in the model to predict MVM use from demographic, lifestyle, risk factor, and comorbidity variables measured at baseline. Thus these propensity scores are a weighted composite of the 33 individual covariates for each person (list of covariates in Appendix A). The C-statistic was 0.61 indicating only fair ability of the variables used in the propensity score analysis to discriminate use of multivitamins. We divided the propensity scores (or probability of MVM use) into deciles and then used the propensity decile for each participant as a covariate in the Cox regression (Model 4) which included the variables in Model 2 and the propensity decile. We also ran Model 4 further adjusting for grade of breast cancer. In addition to adjusting for propensity decile as described in Model 4 above, we matched those taking MVM with those not taking MVM by propensity probability which resulted in a diminished sample size of 4404. We then compared the matched groups on breast cancer mortality. The matched groups were balanced on age at diagnosis, race/ethnicity, education, income, smoking status, BMI, waist-hip ratio, alcohol use, physical activity, depression, self-reported health, social functioning, history of CVD, hypertension, and, history of diabetes. Women taking MVM were more likely to also take additional individual supplements of vitamins C, E, calcium or zinc, than those who were non-MVM users, so use of any single supplements was controlled for in the Cox regressions comparing the matched groups.
To assess variables which may be modifiers of the effects of MVM on breast cancer mortality, we examined potential interactions between MVM use and age at breast cancer diagnosis, race/ethnicity, BMI, stage of breast cancer, ER or PR assay positivity and use of other supplements both statistically by including the product terms in the regression models and qualitatively by comparing magnitudes of the stratified HR's. Sensitivity analyses were performed excluding those women in the calcium/Vitamin D trial, as well as women taking individual supplements of vitamins C, D, E, Calcium or Zinc.
All reported Cox models were assessed for violations of the proportional hazards assumptions using graphical approaches and goodness of fit tests with no substantial violations found. All analyses were done using STATA version 12 or SAS version 9.1.
Results
Of 8,048 women who had incident invasive breast cancer, did not have multiple occurrences of breast cancer and were diagnosed with breast cancer prior to their death, 40.4 % (N = 3,240) used any type of multivitamin at baseline, 36.3 % (N = 2,920) used MVM, and 4 % (N = 320) used multivitamins without minerals. Our primary analyses excluded the 320 women who used multivitamins without minerals, although we did a sensitivity analysis including them. Of the 7,728 women in our analytic cohort, 518 (6.7 %) died from breast cancer. Table 1 shows characteristics of women with invasive breast cancer overall and stratified by MVM use. Mean age at diagnosis was 69.8 years (SD = 7.6). Women taking MVM at baseline (N = 2,920, 38 %) as compared to non-users at baseline (N = 4,808, 62 %) were slightly older, more likely to be white, have higher education and income, less likely to be current smokers, more likely to have lower BMI and WHR, more active, reported higher levels of selfreported general health, and less likely to have a history of diabetes; all p \ 0.05. They were also more likely than non-MVM users to be taking additional supplement of vitamins C (37.5 vs. 20.9 %), E (42.5 vs. 24.4 %), calcium (30.9 vs. 18.9 %), and zinc (4.4 vs. 3.0 %); all p B 0.001. Table 2 We did a number of sensitivity analyses (Table 3) . Excluding from analyses those in the calcium and vitamin D arm, we found no substantial differences in any of the regression models for breast cancer mortality (Model 4 HR = 0.68, 95 % CI 0.52-0.89). Excluding women taking single supplements of vitamins C, D, E, calcium or zinc also did not substantially affect the magnitude of association for breast cancer mortality (Model 4 adjustment HR = 0.68, 95 % CI 0.47-0.99). Excluding women who were in the OS who had reported a history of breast cancer at baseline (N = 323) but who were included in our analytic cohort because they had a subsequent breast cancer diagnosis (i.e., a new or recurring cancer) the Model 4 adjustment HR was 0.69, 95 % CI 0.54-0.90). Lastly, excluding women who were in the clinical trials, and were enrolled in the observational study with no history of breast cancer at baseline, the Model 4 adjustment hazard ratio was 0.59, 95 % CI 0.42-0.82. Additional adjustment for baseline hormone use did not change this estimate (HR = 0.61, 95 % CI 0.44-0.85). We also did an analysis of all multivitamin users, including the 320 women who used multivitamins without minerals and found similar results (HR = 0.77, 95 % CI 0.63-0.94).
Several potential effect modifiers were evaluated. None of the interaction terms tested indicated significant statistical interaction (all p-interaction [ 0.20). Figure 1 shows that the MVM association was similar in most subgroups and the HR's did not differ from the overall HR of 0.70. Analysis of the two groups matched on propensity for taking MVM resulted in an unadjusted HR of 0.76 (95 % CI 0.60-0.96). Adjusting for age at breast cancer diagnosis, race, estrogen, and progestin receptor status, stage of breast cancer and use of any individual supplements did not substantially change this estimate (HR = 0.75, 95 % CI 0.57,1.00). Figure 2 shows the Kaplan-Meier survival curves of the matched groups indicating lower breast cancer mortality for MVM users as compared to non-users.
We were not able to obtain hazard ratios for the effects on breast cancer mortality of taking MVM after diagnosis of breast cancer because we do not have sufficient data to answer this question. In the observational study, vitamin and medications use was assessed only at baseline and at year 3 so that anyone who had a diagnosis after year 3 would not have had another assessment of MVM use. In the clinical trials, although assessment was made more frequently, 51 % of the women with breast cancer in the clinical trials have no information on MVM use after diagnosis, leaving only N = 1,588 who have such information. Among those 1,588, there were 312 women who had not used MVM before diagnosis but did use MVM after diagnosis; 7.7 % (N = 24) of them died of breast cancer as compared to 34 of the 632 (5.4 %) women who used MVM both before and after diagnosis.
Discussion
In the WHI's study of 7,728 postmenopausal women with incident invasive breast cancer followed for an average of 7.1 years (SD = 4.1) after diagnosis, use of multivitamins with minerals was associated with a 30 % significantly lower breast cancer mortality as compared to non-use. This protective association was highly robust and persisted after multiple adjustments and for all subgroups examined. Use of dietary supplements is estimated at greater than 50 % in US adults and use of multivitamin/multimineral supplements at 33 % [2, 11] . MVM remain the most commonly consumed dietary supplement among US adults, including cancer survivors. Evidence also suggests an a Adjusted for age at breast cancer diagnosis, race/ethnicity, estrogen receptor status, progestin receptor status and stage of cancer at diagnosis (regional/distant vs. localized) and propensity deciles increase in supplement use, including MVM, after breast cancer therapy [19] . While a comprehensive review of publications suggested that between 45 and 80 % of breast cancer patients in the US use antioxidant supplements, including during cancer therapy [11, 20] , a recent report during a multi-center breast cancer clinical trial (S0221) suggested substantially lower usage of vitamins C, D, E, B6, B12, folic acid, and calcium, with usage even lower during chemotherapy [21] . The use of multivitamins with minerals in breast cancer survivors was not examined in that trial setting. In our cohort of 7,728 breast cancer cases, 38 % (N = 2,920) used MVM at baseline which was before their breast cancer diagnosis, and an additional 9.5 % (N = 731) used MVM at any visit after diagnosis. Yet, there remains limited evidence of the relationship between MVM use and breast cancer mortality. Relatively few studies have examined the influence of multivitamin use on breast cancer outcome and these have had a much smaller number of breast cancer cases than the current report. None have examined this issue exclusively in postmenopausal women diagnosed with invasive breast cancer. Cross study comparison of results from these studies has proven difficult, given differences in study design and endpoints. Many of the studies pertain to use of antioxidants such as vitamins C and E, rather than multivitamins with minerals which contain antioxidants but also generally more than 20 other vitamins and minerals. The Iowa Women's Health Study, whose general findings were that several commonly used vitamin and mineral supplements may increase total mortality risk is not comparable to our study since it pertained to overall mortality in generally healthy women rather than among invasive breast cancer survivors who were the subjects of our study. In regard to overall cancer mortality, the Iowa study found that there was no effect of multivitamin use (HR = 1.00; 95 % CI 0.94-1.07).
The current findings of lower breast cancer mortality with MVM use in the largest number to date of breast cancer cases in postmenopausal women, suggest possible benefit for multivitamin use in women with diagnosed invasive breast cancer. However, cautious interpretation is needed, especially for concurrent use during chemotherapy and radiation therapy. We do not have data on treatment of breast cancer in the cases and cannot comment on the potential interactions between MVM use and breast cancer therapy in this study.
Several identified mechanisms could mediate an effect of multivitamins and minerals, perhaps especially antioxidants, on breast cancer mortality. Mitochondrial oxidative stress is a driver of tumor progression and metastases, and in preclinical models, oxidative stress is reduced by antioxidants [22] . In addition, metastatic breast cancer is dependent on angiogenesis and antioxidants have antiangiogenic activity in preclinical models. In the clinic, in a study of 84 breast cancer patients receiving tamoxifen, the anti-oxidants CoQ (10), riboflavin, and niacin reduced proangiogenic marker levels [23] . It is also possible that MVM use is a modifier of some other currently unknown risk factor effects leading to breast cancer mortality. Since MVM contain antioxidant vitamins as well as minerals, we cannot determine if the observed beneficial association is largely due to some of the individual components of the MVM preparations. A sizable percentage of women who used MVM in our study also used vitamin C (37.5 %) and/or vitamin E (42.5 %) as a single supplement. Breast cancer mortality did not differ between those who used vitamin C as a single supplement and those who did not, but those who took vitamin E had a slightly lower breast cancer unadjusted mortality rate (5.9 %) as compared to those who did not (7.1 %), p \ 05. A sensitivity analysis excluding those women who took any single supplement did not affect our results of a protective association of MVM use.
The strengths of our study are the detailed characterization of the WHI participants, serial assessment of mammography, breast cancer verification by central medical record and pathology report review, and the large number of breast cancer cases with long-term follow-up for breast cancer mortality determination. Another strength is that the exposure, MVM use, was assessed through an inventory system where participants were asked to bring supplement bottles to the clinic visit where staff transcribed the contents using a standardized protocol. This led to a uniform definition of MVM across the entire WHI and participants did not need to rely on memory for their current supplement use. In addition we took great care to attempt to control for confounding due to the different characteristics of women who use MVM versus those who do not, by controlling for those variables related to both to exposure and outcome, by calculating propensity to take MVM and controlling for the propensity score and by comparing two groups matched on propensity score. Nevertheless, study limitations include possible residual confounding due to baseline differences between MVM users and non-users despite the analytic model adjustments. Another possible limitation is the absence of breast cancer treatment or recurrence information. However, since treatment is usually dependent on the stage and receptor status, we controlled for these in our multivariate analyses. The observational study design limits causal interpretation; however, it is a prospective study of women diagnosed with invasive breast cancer and is superior to cross-sectional or case-control studies. The findings cannot be generalized to premenopausal women diagnosed with breast cancer or to other populations of women.
In conclusion, this large prospective study among US older women showed a consistent association between multivitamin and mineral use and lower breast cancer mortality. Such suggestive evidence of benefit of MVM in the breast cancer setting is intriguing but should be followed up in future investigations.
